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[57] " ABSTRACT

A method and apparatus for applymg paste to battery
grids wherein the paste is circulated in a primary circuit
incorporating an open reservoir wherein the paste is
relieved of all pumping pressure and portion of the
paste 1s diverted from the primary circuit into a second-
ary circuit for delivery to a nozzle which may be selec-
tively opened and closed to deliver paste to the grid, the
secondary circuit also incorporates the open reservoir.

9 Claims, 6 Drawing Figures
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METHOD AND APPARATUS FOR APPLYING
PASTE TO BATTERY GRIDS

This invention relates to a method and apparatus for
applying paste to grids for use in batterles and In partlc-
ular secondary batteries.

The present invention has been developed for the
purpose of pasting battery grids as incorporated 1n bat-
teries constructed in accordance with Australian Pat.
No. 488,272 however, the same method and apparatus is
applicable to pasting of battery grids in conventional
batteries and batteries of other constructions, and thus
the invention is not limited to the manufacture of grids
for batteries in accordance wrth the above Australlan
‘Patent. | SR C

‘"The current general practice is to extrude paste mate-

rial from a hopper into a strip which is applied to a
battery grid and subsequently pressed thereinto. The
extruded strip may be of a’continuous nature or-subse-
quently cut to a length corresponding to the dimensions
of the battery grid. The general state of the art of past-
ing battery grids is summarised in the specification of
U.S. Pat. No. 3,859,135 assigned to Joseph Lucas Indus-
‘tries Limited. In the prior art and -the invention dis-
cussed in the Lucas patent, the paste material 1s of a
consistency that will enable it to be extruded from an
open hopper under the weight of the paste material
within the hopper. This technique has the limitation that
the speed of application of the paste to the grid is deter-
- mined by the rate of gravity flow of the paste from the
hopper. As the consistency of the paste must be con-
trolled so that there is not an excess of moisture, which
will result in undue shrinkage during subsequent drying,
there is a clear upper limit on the speed of which pasting
may be carried out under this gravity flow system. .

There is disclosed in U.S. Pat. No. 3,814,628 assigned
to Gates Rubber Company, a method of applying paste
to battery grids wherein the paste is pumped through a
closed loop circuit, and paste is diverted from this cir-
-;cu1t by a second pump for application to the grid So far
as is known, this method has not been used in practise
“and would have the disadvantage that the physical
properties of the paste change substantially when sub-
jected to circulation under pressure in a closed system.
It has been found that under those conditions the mois-
ture will separate out, with the result that the paste
becomes dry and tends to create blockages in the sys-
tem, and when applied to the grid is not sufficiently
flowable to provide a uniform layer of paste on the grid
or to adequately penetrate the grid matrix.

The object of the present invention is to provide a
~method and apparatus for applying paste to battery
grids which will permit relatively high production rates
‘with a minimum of wastage of paste material, and a
minimum of subsequent cleaning or other work prepar-
atory to subsequent assembly of the grids to form cells.
 With the above object in view there is provided a

method of applying paste 1o a battery grid comprising

circulating the paste In a primary circuit, diverting paste
from the primary circuit into a secondary circuit, and
periodically diverting paste from said secondary circuit
to a nozzle for delivery to a battery grid.
Conveniently the secondary circuit is initiated from
the primary circuit and also terminates in the primary
“circuit, thus being in effect, a by-pass in respect of por-
tion of the primary circuit. Preferably there are plurali-
ties of secondary circuits diverting paste from a com-
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mon primary circuit and delivering the paste to respec-
tive nozzles. Each nozzle may be arranged to deliver
paste to dlfferent areas of the same grid or to reSpectlve
grids.

‘When applying paste to a grid frame of the type dis-
closed in the aforesaid Australian Patent, having a plu-
rality of independent paste receiving areas arranged in
side by side relationship across the width of the frame,
a separate secondary circuit and nozzle is provided to
deliver paste into each receiving area of the frame.

In this type of frame alternate receiving areas are
pasted with active material of opposite polarity and
there is thus provided independent primary circuits for
positive and negative paste respectively, and a plurality
of secondary circuits and nozzles for each primary cir-
cuit.

- The respectlve nozzles for dellverlng posmve and
negative paste materlal are disposed so that each frame
may move in a path beneath the nozzles and in sequence
recéive paste materlal of appropriate polarity in the

‘respective receiving areas of the frame. Conveniently
the delivery of paste material from the respective noz-

zles 1s controlled in accordance with the movement of

the frame along the path, and the movement of the

frame may activaté controls which open and close the

nozzles in sequence as the frame passes therebelow.

| Conveuiently the axis of the nozzles through which
the paste is delivered onto a battery grid is inclined to
the plane of the grid at an angle between 15° and 25°,
preferably 20°, the delivery end of the nozzle is prefera-
bly formed in a surface at right angles to the axis of the
nozzle. Convenlently the grid is moved in the planc
thereof relative to the nozzle so that the paste issuing
from the nozzle is laid in the form of a strip onto the
grid. In some applications of the method it may be pref-

“erable to move the nozzle relative to the grid.

The flow of paste from the nozzle is controlled in
time relation to the relative movement between the
nozzle and the grid to achieve the depositing of the
paste at the desired location on the grid. The control of
the paste flow may be effected by a blade member,

movable in a plane at right angles to the axis of the

nozzle, to selectively open and close the delivery end of
the nozzle. The control of the movement of the blade
member may be-in response to the relatlve movement
between the nozzle and the grid.

Also in accordance with the above stated object there
is provided in an apparatus for applying paste to battery
grids a primary paste pump arranged to circulate paste
in a primary circuit, at least one secondary pump ar-
ranged to divert paste from the primary circuit to a
secondary circuit, a nozzle in combination with said
secondary circuit, and means to selectively open and
close said nozzle to deliver paste from the secondary
circuit to a battery grid. |

Conveniently the apparatus includes a plurahty of
secondary pumps arranged to divert paste from the
same primary circuit, each secondary pump delwenng |
to a respective nozzle. -

“The nozzle or nozzles may be arranged and operated

~in accordance with the previously described method for
‘delivering paste onto the battery grids.

In one preferred form the apparatus comprises a

pump assembly incorporating the primary and second-

ary pumps and associated respective circuits and noz-
zles as described above, and a conveyor assembly ar-
ranged to pass battery grids beneath a plurality of noz-
zles so that paste 1s deposited onto the grids by the
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respective nozzles at the desired location as the grids
passed the nozzles. The conveyor assembly 1s prefera-
bly a unit, independent of the pump assembly, and is
movable relative thereto to a position wherein the con-
veyor assembly is completely clear of the nozzles so as
to facilitate cleaning and maintenance of the nozzles,
pumps and conveyor respectively.

The invention will be more readily understood from
the following description of one practical arrangement
of an appdratus for appiying paste to battery grids In
accordance with the method of the present invention.
The apparatus is illustrated in the accompanying draw-
ings wherein: |

FIG. 1 is a plan view of the apparatus,

FIG. 2 i1s a side view of the pump portion of the
apparatus taken along a section line 2—2 in FIG. i,

FiG. 3 is a side view of the conveyor part of the
apparatus taken along line 3—3 in FIG. 1,

FIG. 4 is an enlarged view partly in cross-section of
portion of the secondary paste circuit and an associated
delivery nozzle applying paste to a battery grid,

FIG. 5 is a perspective view of the portion of the
conveyor in the area A as indicated in FIG. 1.

FIG. 5A is a perspective view of a further portion of

the conveyor in the areas B as indicated in FIG. 1.
Referring now to FIG. 1, the apparatus comprises
two basic portions, a pump assembly 10 incorporating
positive and negative paste pump units 11 and 12, and a
conveyor assembly 13. The pump assembly is a station-
“ary structure which may be permanently mounted to a
floor, whilst the conveyor assembly 13 is supported on
a pair of rails 14, attached in a fixed relationship to the
pump assembly 10. In FIG. 1 the conveyor assembly 1s
shown in full outline in its operating relationship to the
pump assembly 10, and the convevor assembly 13 may
be moved forwardly on the rails 14, to the position
shown diagrammatically in broken outline, so that it 1s
spaced a substantial difference from the pump assembly
10. The ability to move the conveyor assembly 13 rela-
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facilitate cleaning of the apparatus as cleanliness of
paste applying equipment is a prime requirement. Alsc
the ability to provide a clear space between the pump
assembly 10 and the conveyor assembly 13 greatly facil-
itates maintenance of the apparatus.

The pump units 11 and 12 are of identical construc-
tion and accordingly we shall now describe in detail the

45

pump unit 11, however it is to be understod that pump

unit 12 is of identical construction.

The primary pump 13 1s of the axial type and receives
battery paste from the feed hopper 16, through a feed
- chamber 17 housing a feed screw (not shown), the
pump 15 and feed screw being arranged co-axially and
driven by the motor 18 through the drive 192. The
hopper 16 has an enlarged open mouth portion 16a
feeding into a substantially cylindrical portion 166 com-
municating with the feed screw chamber 17. The vibra-
tion inducing device 20 is fitted to the cylindrical por-
tion 16) of the hopper, and is activated whenever the
~ primary pump is running to promote the flow of the

‘paste material downwardly through the hopper 16.
The primary paste pump 15 delivers simultaneously

- to the three secondary paste pumps 25, 26 and 27, and

the excess of paste delivered by the primary pump is
returned to the mouth 16a of the hopper 16 via the
conduit 28. Each of the secondary pumps 25, 26 and 27
diverts paste from the circuit of the primary pump into
a secondary paste circuit, from which paste is delivered
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to respective nozzles 30, 31 and 32. The excess paste
from the respective secondary pumps being again re-
turned to the mouth portion 16a of the feed hopper 16
by respective conduits 33, 34 and 385.

Because of the nature of battery paste material it is
not desirable for a significant mass of the paste material
to remain stationary in a pumping system. Accordingly

in the present apparatus the primary and each of the
secondary pumps returns the excess paste materiai back

to the feed hopper 16, wherein the paste is fully relieved
from the pressure of the pumping circuit. Further the
excess material from each circuit is intermixed with the
aid of the vibrator device 20 so that the paste material
tends to maintain the required paste consistency and

other physical properties.

Each of the secondary pumps 25, 26 and 27 are driven

by respective variable speed motors 36, 37 and 38, and
whilst the pasting apparatus is in operation, the primary
pump 13 and each of the secondary pumps 25, 26 and 27
operate continucusly, the dispensing of the paste mate-
rial onto the grid is controlled by the dispensing nozzle
as described hereinafter. The speed of the individual
secondary motors is adjusted to maintain the required
rate of delivery at the respective nozzles. Each second-
ary circuit is provided with a pressure gauge 40 at a
location in the close proximity to the dispensing nozzle
as a convenient indicator of the consistency of the paste
flowing in that circuit.

Referring now to FIG. 4 of the drawings, each nozzle
assembly 45 is detachably mounted on an arm 46 se-
cured to and projecting from the respective secondary
pump 26. A dispensing nozzle assembly- 45 as shown in
FIG. 4 1s mounted on each of the secondary pumps as
can be seen in FIGS. 1 and 2. The nozzle assembly 45
communicates with the delivery side of the secondary
pump 26 via the branch conduit 48, the pneumatically
actuated control valve 49 and the detachable flexible.
condutt 88. The flexible conduit 58 is clamped by suit-
able clips to the extension 51 of the nozzle assembly and
the control valve 49, so that the clips may be released to
permit convenient removal of the nozzle assembly 45,
particularly for the purposes of cleaning. The control
valve 49 is pneumatically operated with the air supply
controlled by a solenoid valve. The control vaive 49 is
preferably also manually operable. The manual opera-
tion 1s provided so that each control valve may be
closed if required for maintenance purposes or setting
up of the nozzle assembly.

The solenoid operation of the valve is controlied by
the position of the conveyor assembly relative to the
pump assembly so that when the conveyor assembly is
in the correct operating relationship to the pump assem--
bly and running, the solenoid will open the control
valve 49 which is otherwise closed.

‘The nozzle assembly 45 has a discharge aperture 52 of
a width proportional to the width of the paste receiving
area of the grid frame.

The aperture 52 is preferably of a dumb-bell cross-
section to prevent coiling of the sirip of paste as it is-
sues. Also the aperture is narrower than the width of the
paste receiving area o allow for spreading of the paste
during the subsequent vibration treatment.

The aperture 52 is selectively opened and closed by
the sliding gate 53 which is actuated by the pneumatic
cylinder 54. The operation of the pneumatic cylinder 54
1s controlled by the position of the grid frame on the
conveyor to initiate and terminate the discharge of paste
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through the nozzle onto the frame, as will be described
in more detail hereinafter.

The conveyor assembly 13 comprises a main frame 60
supported on wheels 61 which run on the rails 14. The
endless chain 62 -is supported on respective sprocket
assemblies 63, mounted at the opposite ends of the main
frame. The endless chain has mounted thereon a plural-

ity of frame support plates 64, cach pivotally connected
to the chain to facilitate the travel of the plates around

the respective sprockets. Along the upper flight of the 10

chain the frame support plates 64 are supported on their
opposite edges on respective slide surfaces 60a forming
part of the main frame 60. The support plates are thus
positively supported so that the relationship of the grid
frames, supported on the plates, relative to the paste
- dispensing nozzles 45 i1s positively controlled.

- As seen at the lefthand end of the conveyor unit 13 in
FIG. 3, a magazine 70 is provided to hold a store of grid
frames 71, and as each plate 64 on the endless conveyor
passes beneath the magazine 70, a grid frame is with-
- drawn from the magazine onto the plate so as to then be
carried forward along the top flight of the conveyor
beneath the paste dispensing nozzles 45.

Each frame support plate 64 has six recesses 81 in the
“upper face thereof which align with the paste receiving
‘areas 72 of the grid frame when it is positioned on the
support plate. The recesses 81 ensure that when paste is
applied to the frame it will not contact the support

- plate, as this would result in a progressive build up of

paste on the support plate and interfere w1th the opera-
tion of the apparatus Locating pins 82 are provided in
the support plate 64 to co-operate with selecting loca-
tions on the grid frame so as to ensure the correct loca-
tion of the grid frame relative to the recesses 81 in the

support plate. The hold-down latches 83 are pivoted to.

the support plate 64 to co-operate with lugs 84 on each
gnd frame 71 to prevent the lifting of the grid frame
during the passage of the support plates beneath the
pasting nozzles 45. The hold-down latches 83 are
moved into and out of engagement with the lugs on the
grid frame by cams 85, appropriately located along the
~ length of the top flight of the conveycr |

-~ Supported on the conveyor main frame 60 are a
- group of three pllct switches for each dispensing nozzle
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45. The groups of switches are spaced in the direction of 45

travel of the support plates 64, and each group controls
the operation of a respective dispensing nozzle 45 to
deliver paste therefrom when the grid frame is correctly
located with respect to the particular dlspensmg nozzle.

One group of pilot switches are illustrated in FIG. 5
comprising switches 101, 102 and 103. The support
plate 64 passes beneath the pilot switch 101 and if a grid
frame 71 is in position on the support plate it will trip
pilot switch 101 which results in the energising of pilot
switch 102. As the support plate 64 continues to ad-
vance the cam 95 attached to the plate 64 trips | the pilot
switch 102 which activates a valve to admit air to cyhn-
der 54 to open the gate 53.

In the event that a grid frame is not in position on the
support plate then switch 102 will not be energised as
- switch.101 was not tripped, and hence even though

switch 102 is tripped by the cam 95 the. valve control-
ling cyhnder 54 will not be activated and the gate 53
will remain closed. -

As the support plate advances further the cam 95 will
trip pilot switch 103 which activates the valve to admit
air to the cylinder 54 to close the gate 53. Further
movement of the support plate and grid frame will
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result in the same sequence of operations being effected
as the support plate passes each group of switches, and
thus each nozzle is operated in sequence to depcsrt paste
onto the grid frame.

It will be appreciated that the prlot sw1tches 102 and
103 are positioned so that the opening and closing of the
gate 83 is effected at the required location on the grid
frame carried by the support plate. | |

- The vibration horn 80 1s supported on the main frame

60 of the conveyor assembly downstream, in respect of

the direction of travel of the conveyor, of the final
pasting nozzle of the pump unit 12. The horn 80 is sup-
ported on the frame 74 attached to the main frame 60 of
the conveyor unit, and 1s raised and lowered relative to
the support plates 64 passmg therebeneath by the pneu-
matic cylinder 73. The raising and lowering of the horn
is effected in timed relationship to the movement of the
grid frames 71, so that the horn is lowered to contact
the frame in the vicinity of where the paste in the frame
commences, and then remains in contact with the frame
while it passes beneath the horn until the end of the
extent of paste is reached, whereupon the horn is raised

‘clear of the frame again. This lowering and raising of
the horn is controlled by pilot switches 104 and 105

positioned along the path of the moving support plates
64 being operated by the cam 95 attached tc each sup-
port plate. |

The operation of the complete apparatus wrll ncw be
brleﬂy described. ~

A supply of positive battery paste is placed in the
hopper of pump unit 11, and a supply of negative paste
in the hopper of pump unit 12. The respective primary
pump units are switched on so'that paste is circulated
from the primary pumps 15 through the conduits 28 and

‘returned to the hopper 16. The groups of secondary

pumps are also started so that a proportion of the paste
being delivered by the respective primary pumps is
diverted into the secondary pump circuits to be sup-
plied to the respective nozzles 45. There should be a
short delay from the starting of the primary pump be-
fore the secondary pumps are started to ensure that the

- primary circuit is fully charged with paste material. The
-excess material being again returned to the hopper 16 by

the respective return conduits. At the initial switch on
period, the control valve 49 associated with each paste
dispensing nozzle 45 will be in the closed position, and
the respective nozzle gates 53 will also be closed.

The conveyor assembly 13 is positioned adjacent the
pump assembly 10 and locked in that position by suit-

‘able mechanisms associated with the conveyor assem-
‘bly and its supporting track 14. There are also provided

various interlocks between the conveyor assembly and

- the pump assembly so that the dispensing of paste from

the nozzles 45 can only take place when the conveyor
assembly is in the correct operating relationship to the

nozzles.

With a suitable supply of grid frames in the magazine
70, the conveyor 62 is set in motion and each support
plate 64 receives a grid frame in the required location as

- it .passes beneath the magazine. The grid frames are
-correctly located and locked in position on the support
plate 64 by the locating plns 82 and latches 83 prevr-

ously described. |

- As each support plate 64 advances from the magazrne
towards the first dispensing nozzle 45 with the grid
frame positioned thereon, the grid frame activates the
frame sensor pilot switch 101 to indicate that a frame is
correctly positioned on the support plate, and the signal
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from the sensor energises the pilot switches 102 located
‘on the conveyor main frame 60 along the path of the
support plate. The switches 102 and 103 operate the
valve regulating the admission of the air to the pneu-
matic cylinder 54 to open and close the gate 53 as previ-
ously described. The cam 95 attached to the support
plate 64 first trips pilot switch 102 which activates the
valve so that air is admitted to the pneumatic cylinder
54 to raise the gate 53 and open the nozzle aperture 32,
whereupon paste is delivered from the relevant second-
‘ary circuit onto the receiving area of the grid frame.
The paste continues to be delivered onto the grid frame
as it moves beneath the nozzle 45 until the cam 95 trips
- the switch 103, which then supplies air to the cylinder
54 to close the gate 53 and terminates the delivery of 1
paste onto the paste receiving area of the frame.

Each of the secondary pumps operates continuously
so that upon the closing of the gate 53, the paste being
delivered by the secondary pump 26 will be by-passed
back to the hopper via conduit 34. It will also be appre-
ciated that whilst the gate 53 is open, and paste is being
delivered onto the grid frame, there will also be a pro-
portion of the paste delivered by the pump 26 being
- by-passed through the conduit 34 back to the hopper 16.

Each of the dlspensmg nozzles 45 are operated as
above described in sequence so that three strips of posr-
tive battery material are placed in alternate receiving
areas across the width of the grid frame 71, and then
three strips -of negative paste material are deposited in
the remaining three receiving areas. Thereafter as the
frames continue along the conveyor, the ultrasonic
vibration horn 80 lowers into engagement with the grid
frame 71 as previously described, and subjects the paste
to vibration so the paste penetrates through the mesh in
the frame and forms a layer of comparatively even
thickness paste material in each receiving area. Thereaf-
ter the frames are released from the support plates and
stored or transported for further processing in the man-
ufacture of the final battery.

Although the apparatus illustrated in the drawings is
specifically constructed for applying paste to grid
frames of the novel battery disclosed in Australian Pa-
-~ tent No. 488,272 those skilled in the art wili appreciate

that the arrangement of the nozzles may be varied to
suit other constructions of battery grid. Where each
grid only receives paste of one polarity there is only
required one pump unit with one prlmary pump and one
or more secondary pumps.

The principal feature of the methed of applym g bat-
tery paste disclosed herein is that the paste is extruded
under forced pressure so that a high production rate is
possible. However the paste is not confined in a closed
circuit, and continually under pressure, and hence the
physical properties ef the paste are mamtamed

We claim:

1. A method of applymg paste to a battery grld com-
prising circulating paste in a primary circuit, diverting
the paste from a primary: circuit into a secondary cir-
cuit, selectively diverting a quantity of paste from the
secondary circuit through a nozzle, passing battery
grids in sequence beneath the nozzle and timing the
diversion of the paste through the nozzle relative to the
passage of the grid beneath the nozzle to deliver the
quantity of paste onto a predetermined area of each grid
as it passes beneath the nozzle.

2. A method as claimed in claim 1 wherein said pri-
mary circuit initiates and terminates at a paste reservoir,
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and said secondary circuit also terminating at said paste
reservoir.

3. A method according to claim 1 wherein paste 1s
independently diverted from the secondary circuit to a
plurality of nozzles, and paste is selectively dispensed
from each nozzle onto independent areas of the battery
grid. |

4. A method of applymg paste to a battery grid com-

prising drawing paste from a paste reservoir by a pri-
mary - pump, circulating paste by said primary pump
through a primary circuit terminating at said reservoir,

‘diverting paste from said primary circuit by a secondary

pump into a-secondary circuit terminating at said reser-
voir, independently diverting paste from said secondary
s circuit through a plurality of nozzles for delivery to a
battery grid, passing battery grids in sequence beneath

the nozzles and timing the diversion of the paste

through the nozzles relative to the passage of the grid
beneath the nozzles to selected predetermined areas of

each battery grid as it passes between the nozzles.

5. A method according to claim 4 wherein a plurality
of battery grids are moved in succession along a prede-
termined path, and said nozzles are spaced in the direc-
tion of said path, and transversely of the path, the selec-
tive dispensing of paste from said nozzles being con-
trolled to dispense transversely spaced strips of paste to
each battery grid as the grld moves along the predeter-
mined path.

6. In apparatus for applying paste to battery gnds a
prnnary paste pump arranged to circulate paste in a
primary circuit, at least one secondary pump arranged
to divert paste from the primary circuit to a secondary
circuit, at least one nozzle means in paste recelving
communication with said secondary circuit, and means
operable to control the dispensing of a quantity of paste
from said nozzle means, conveyor means to carry bat-
tery grids in sequence beneath said nozzle means, and
means to regulate the operation of the control means in
response to the dlspensmg of paste through the nozzle
means relative to the passing of the grids there beneath
so a measured quantity of paste is delivered for said
nozzle means onto a predetermined area of each grid as
said grid passes beneath said nozzle means.

7. In apparatus as claimed in claim 6 wherein said
primary circuit incorporates a reservoir, and said sec-
ondary circuit terminates at said reservmr

8. In apparatus for applying paste to a battery gnd a
paste reservoir, a pnmary paste pump arranged to circu-
late paste in a primary circuit incorporating said reser-
voir, at least one secondary paste pump arranged to
divert paste from the primary circuit into a respective
secondary circuit terminating at said reservoir, and a

plurality of nozzles communicating with said secondary

- circuit, a conveyor arranged to support a plurality of -
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battery grids and operable to move each grid in se-
quence beneath each nozzle, and means to selectively

“open and close each nozzle in response to the movement

of the grid beneath the respective nozzles to deliver
paste from the secondary circuit to selected predeter— |
mined areas of the battery gnd |

9. In apparatus as claimed in claim 8 further havmg

-said paste reservoir open to ambient pressure, a pnmary -
- paste pump arranged to receive paste from the reservoir

and circulate the paste through a primary circuit termi-
nating at said reservoir, and a plurality of secondary
pumps each arranged to divert paste from the primary
circuit into respective secondary circuits each terminat-

ing at the reservoir, and respective nozzles.
o k k% . %k %
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